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PREFACE 


The  work  reported  herein  was  conducted  by  the  Arnold  Engineer- 
ing Development  Center  (AEDC),  Air  Force  Systems  Command  (AFSC), 
for  NASA- Langley  Research  Center  under  Program  Element  921 E, 
Project  9692.  NASA-Langley  project  monitor  was  Mr.  Delma  C. 
Freeman,  Jr.  The  results  presented  herein  were  obtained  by  ARO, 

Inc.  (a  subsidiary  of  Sverdrup  & Parcel  and  Associates,  Inc. ),  con- 
tract operator  of  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee. 
The  tests  were  conducted  on  June  24,  1974  and  July  26,  1974  under 
ARO  Project  Nos.  VA498  and  V41B-48A.  The  final  data  package  was 
completed  on  August  26,  1974,  and  the  manuscript  (ARO  Control  No. 
VKF-TR-74-  100)  was  submitted  for  publication  on  October  16,  1974. 
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1.0  INTRODUCTION 


Previous  test  programs  have  been  conducted  by  NASA-Langley  to 
measure  the  dynamic  derivatives  of  the  shuttle  orbiter.  The  majority 
of  these  programs  have  been  conducted  in  Langley  facilities  at  Mach 
numbers  from  0.  3 through  4.  6 (Refs.  1 and  2).  In  order  to  extend  the 
range  of  measured  derivatives  into  the  hypersonic  speed  regime,  NASA- 
Langley  sponsored  a test  program  at  the  von  Karman  Gas  Dynamics 
Facility  (VKF).  The  purpose  of  the  test  program  was  to  measure  the 
pitch-,  yaw-,  and  roll- damping  derivatives  of  a shuttle  orbiter  config- 
uration at  Mach  number  8.  The  test  configuration  was  a 0.  012- scale 
model  of  a modified  089B  orbiter.  Data  were  obtained  at  Reynolds 
numbers  (based  on  model  length)  of  1.  18  x 10®  through  4.  82  x 10®.  The 
angle  of  attack  was  varied  from  -4.  9 to  26.  5 deg,  and  values  of  the 
reduced  frequency  parameter  varied  from  0.  0033  to  0.  Oil.  The  small- 
amplitude  forced-oscillation  technique  was  utilized. 


2.0  APPARATUS 


2.1  MODEL 

The  orbiter  model  (Fig.  1)  was  designed  and  fabricated  by  NASA- 
Langley.  The  stainless  steel  model  was  a 0.  012-scale  model  of  a mod- 
ified 089B  orbiter  configuration.  The  modification  to  the  model  consisted 
of  using  a 13 9B  nose  on  the  08 9B  body  (see  Fig.  2).  Tests  were  conducted 
with  body  flap  off,  the  rudder  flare  angle  = 40  deg,  and  the  elevons  set  at 
zero  (Configuration  1).  The  orbiter  was  also  tested  without  the  vertical 
tail  (Configuration  2).  The  configurations  were  balanced  about  the  flexure 
pivot  axis  for  the  pitch  tests  and  about  the  roll  axis  for  the  roll  tests. 
Model  details  are  shown  in  Fig,  2. 


2.2  TEST  MECHANISM 

2.2.1  Pitch-/Yaw-Dampinfl  Mechanism 

The  VKF  1.  B pitch- /yaw -damping  test  mechanism  (Fig.  3) 

(Ref.  3)  utilizes  a cross-flexure  pivot,  an  electric  shaker  motor, 
and  a one- component  moment  beam  which  is  instrumented  with  strain 
gages  to  .measure  the  forcing  moment  of  the  shaker  motor. 
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The  motor  is  coupled  to  the  moment  beam  by  means  of  a connecting  rod 
and  flexural  linkage  which  converts  the  translational  force  to  a moment 
(70  in.  -lb  maximum)  to  oscillate  the  model  at  amplitudes  up  to  ±3  deg 
( depending  on  flexure  balance)  and  frequencies  from  2 to  20  Hz.  The 
cross  flexures,  which  are  instrumented  to  measure  the  pitch/yaw  dis- 
placement, support  the  model  loads  and  provide  the  restoring  moment 
to  cancel  the  inertia  moment  when  the  system  is  operating  at  its  natu- 
ral frequency.  Presently,  two  cross-flexure  balances  exist  and  each 
is  composed  of  three  beams  with  single  unit  construction.  The  beam 
thicknesses  for  the  balances  are  0.  087  and  0. 171  in. , and  the  restor- 
ing moments  produced  by  the  balances  are  -132  and  -938  ft-lb/radian, 
respectively.  Since  the  moment  beam  which  is  used  to  measure  the 
forcing  moment  is  not  subjected  to  the  static  loads,  it  can  be  made  as 
sensitive  as  required  for  the  dynamic  measurements.  Beams  exist 
which  can  measure  up  to  ±0.  6,  ±3,  ±11,  ±25.  and  ±70  in.  -lb.  A pneu- 
matic- and  spring-operated  locking  device  is  provided  to  hold  the  model 
during  injection  into  or  retraction  from  the  tunnel  or  during  tunnel 
starts.  The  cross-flexure  balances  can  be  supported  by  an  elliptical 
cross-section  sting  (provides  support  strength  and  maximum  model 
clearance  but  is  not  water-cooled)  or  a 1.  75-in.  -diam  water-cooled 
sting  (normally  used  with  the  roll-damping  balance).  The  water- 
cooled  sting  was  used  during  the  present  tests  in  conjunction  with  the 
-132  ft-lb/radian  cross-flexure  balance  and  primarily  the  ±3  in.  -lb 
moment  beam. 

2.2.2  Roll-Damping  Mechanism 

The  VKF  l.D  roll-damping  test  mechanism  (Fig.  4)  (Ref.  4)  uti- 
lizes a water-jacketed,  five -component  balance,  twin  beam  flexures, 
roller  bearings  to  support  the  loads,  and  two  electric  printed- circuit 
drive  motors.  The  motors  are  directly  coupled  to  the  balance  and  sup- 
ply up  to  120  in.  -lb  roll  moment  to  oscillate  the  system  at  amplitudes 
up  to  ±3  deg  and  frequencies  from  2 to  20  Hz.  The  twin  beam  flexures 
mount  from  the  stationary  sting  to  the  oscillating  water  jacket  and 
provide  a restoring  moment  which  cancels  the  intertia  moment  when 
the  system  is  operating  at  the  natural  frequency  of  the  model-flexure 
system.  The  flexures  are  instrumented  to  measure  the  roll  displace- 
ment. The  entire  mechanism  is  water-cooled  to  permit  testing  in  the 
hypersonic  tunnels. 

Two  five -component  balances  have  been  fabricated  for  the  system 
to  provide  good  balance  sensitivity  over  the  load  range.  Both  balances 
utilize  outrigger  beams  in  the  yaw  sections  and  thin-ribbed  flexures  in 
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the  roll  section  tc^provide  sensitive  yaw  and  roll  outputs  while  main- 
taining large  normal-force  capacity  and  rigidity  in  yaw.  Semicon- 
ductor gages  are  also  utilized  for  the  yaw  and  roll  sections  for  addi- 
tional sensitivity.  The  -59  balance  was  used  during  the  present  test 
and  the  load  capacity  of  both  balances  is  listed  as  follows: 


Normal 

Pitching 

Yawing 

Rolling 

Force, 

Moment, 

Side 

Moment, 

Moment, 

Balance  lb 

in.  -lb 

Force,  lb 

in. -lb 

in.  -lb 

-59  500 

1125 

40 

84 

10 

-60  1200 

2700 

100 

210 

100 

2.3  INSTRUMENTATION 

The  forced- ocillation  instrumentation  (Refs.  3 and  4)  utilizes  an 
electronic  analog  system  with  precision  electronics.  The  control, 
monitor,  and  data  acquisition  instrumentation  is  contained  in  a port- 
able console  that  can  be  easily  interfaced  with  the  instrumentation  of 
the  various  tunnels. 

The  control  instrumentation  provides  a system  which  can  vary  the 
oscillation  frequency,  oscillation  amplitude,  and  angular  position 
( 0,  or  $ ) of  the  model  within  the  flexure  limits.  The  oscillation  am- 
plitude is  controlled  by  an  electronic  feedback  loop  which  permits  test- 
ing of  both  dynamically  stable  and  unstable  configurations. 

Data  are  normally  obtained  at  or  near  the  natural  frequency  of  the 
model  flexure  system;  however,  the  electronic  resolvers  used  permit 
data  to  be  obtained  off  resonance.  All  gages  are  excited  by  d-c  volt- 
ages and  outputs  are  increased  to  optimum  values  by  d-c  amplifiers. 
Typical  balance  outputs  from  an  oscillating  model  are  composed 
of  oscillatory  components  (OC)  superimposed  on  static  components  (SC). 
These  components  are  separated  in  the  data  system  by  bandpass  and 
lowpass filters.  The  SC  outputs  are  sent  directly  to  the  tunnel  scanner 
and  computer,  which  for  the  pitch/yaw  tests  calculate  the  static 
pitching-moment  coefficient  Cm  (Cn)  and  sting  deflections  and  for 
the  roll  test  calculate  the  static  force  and  moment  coefficients, 

Cn,  Cm,  Cy,  Cn  and  Cjg.  The  OC  outputs  are  input  to  the  resolver 
instrumentation  and  precise  frequency  measuring  instrumentation. 

The  resolvers  utilize  very  accurate  analog  electronic  devices  to  process 
the  OC  signals  and  output  d-c  voltages.  During  the  pitch/yaw  tests  the 
output  d-c  voltages  are  proportional  to  the  amplitude  squared,  the  in-phase 


7 


AEDC-TR-74-1 29 


and  quadrature  (90  deg  out  of  phase)  balance  components  (forcing  torque) 

and  the  in-phase  and  quadrature  sting  components.  For  the  roll-damping 

tests,  the  output  d-c  voltages  are  proportional  to  the  amplitude  squared, 

the  in-phase  and  quadrature  rolling  moments,  and  the  quadrature  yawing 

moments.  A switch  is  also  provided  in  the  resolver  system  to  bypass  the 

phase  shift  network  so  that  the  in-phase  yawing  moments  can  be  determined. 

The  resolver  and  frequency  outputs  are  read  by  the  tunnel  scanner  and  sent 

to  the  computer.  The  frequency  instrument  controls  the  length  of  the  data 

interval  in  increments  from  approximately  2 to  60  seconds,  during  which 

time  the  scanner  reads  each  input  approximately  10  times  per  second. 

The  average  values  of  the  readings  are  calculated  by  the  computer,  which 

then  uses  these  average  values  to  calculate  the  dynamic  coefficients  (1) 

pitch/yaw  tests,  + Cm  • (Cn  - Cn,~  cos  a)  and  Cm  (Cn0cos  a)  (2) 

•L-ij-q  xii.0/  x1  jo  cn  p 

roll  tests,  Cjgp  + sin  a,  Cn^  + Cn£  sin  a and  Cy^+  Cy^  sin  a.  The 
method  used  to  reduce  the  data  may  be  found  in  Refs.  3,  4,  and  5. 

2.4  WIND  TUNNEL 

Hypersonic  Wind  Tunnel  (B)  is  a continuous,  closed- circuit,  vari- 
able density  wind  tunnel  with  two  axisymmetric  contoured  nozzles  and 
a 50-in.-diam  test  section.  The  tunnel  can  be  operated  at  a nominal 
Mach  number  of  6 or  8 at  stagnation  pressures  from  20  to  300  and  50 
to  900  psia,  respectively,  at  stagnation  temperatures  up  to  1350°R. 

The  model  may  be  injected  into  the  tunnel  for  a test  run  and  then  re- 
tracted for  model  cooling  or  model  changes  without  stopping  the  tun- 
nel flow.  Tunnel  details  are  shown  in  Fig.  5. 


3.0  PROCEDURE  AND  PRECISION  OF  DATA 


3.1  TEST  CONDITIONS 

The  nominal  wind  tunnel  test  parameters  at  which  the  data  were 
obtained  are  presented  in  Table  1,  and  summaries  of  test  configurations 
for  the  pitch,  yaw,  and  roll  tests  are  presented  in  Table  2. 


3.2  TEST  PROCEDURE 

The  model  was  oscillated  at  a constant  oscillation  amplitude  of  ±1 
deg  for  the  pitch-  and  yaw -damping  tests  and  ±2  deg  during  the  roll- 
damping  tests. 
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3.3  PRECISION  OF  DATA 

Uncertainties  (bands  which  include  95  percent  of  the  calibration 
data)  in  the  basic  tunnel  parameters  (p0,  T0,  and  M,,,)  were  estimated 
from  repeat  calibrations  of  the  instrumentation  and  from  repeatability 
and  uniformity  of  the  test  section  flow  during  tunnel  calibrations. 
These  uncertainties  were  used  to  estimate  uncertainties  in  other  free- 
stream  properties  using  a Taylor  series  method  of  error  propagation 
(Ref.  6).  The  estimated  uncertainties  are  as  follows: 


Tunnel  Parameters  Uncertainty 


Rejg  x 10“6 

A(MW) 

A(Reji  x 10"®) 

A(q J psia 

A(VJ  ft/ 

1.  18 

±0.024 

±0.011 

±0.013 

±9.5 

2.35 

1 

±0.022 

±0. 026 

1 

3.52 

±0.033 

±0. 040 

1 

4.  82 

t 

±0.045 

±0. 056 

▼ 

The  balances  for  the  pitch-,  yaw-,  and  roll-damping  tests  were  cal- 
ibrated before  and  after  the  tests,  and  check  calibrations  were  made 
during  the  test.  Sting  bending  effects  utilizing  the  technique  illustrated 
in  Ref.  7 were  used  in  the  data  reduction  of  the  pitch-and  yaw -damping 
derivatives.  Uncertainties  in  the  measurements  of  sting  effects  were 
included  in  the  error  analysis.  Structural  damping  values  were  obtain- 
ed at  vacuum  conditions  before  the  tunnel  entry  to  evaluate  the  still -air 
damping  contribution.  The  uncertainties  in  the  balance  and  data  system 
were  combined  with  uncertainties  in  the  tunnel  parameters  assuming  a 
Taylor  series  method  of  error  propagation  (Ref.  6)  to  estimate  the  pre- 
cision of  the  aerodynamic  damping  coefficients.  The  estimated  uncer- 
tainties are  as  follows: 

Pitch-Damping  Uncertainty 


Config. 

1 


a. 


Rejg  x 10“6 

deg 

cmq  + cm£ 

1. 18 

-0.4 

-1.0 

1.  18 

7.4 

-1.3 

2.35 

1.0 

-0.  7 

2.35 

25.0 

-2.5 

4.  82 

2.3 

-0.8 

4.  82 

23.9 

-2.4 

;mq  + Cm^) 

Cm0 

A(CmQ) 

±0.  13 

0.05 

±0.026 

±0.  13 

0.  13 

±0.026 

±0,07 

0.05 

±0.013 

±0.09 

-0.06 

±0.013 

±0.04 

0.05 

±0.006 

±0.06 

-0.  10 

±0. 008 
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Yaw-Damping  Uncertainty 


Config. 

Refx10'6 

Cn^.  - Cn^  cos  » 

AtC^  - Cj^  cos  a) 

Cng  cos  o 

A(Cng  cos  or) 

1 

2. 

35  0 

-0.  78 

10.  026 

-0. 04 

±0.  007 

1 

25.3 

-0.23 

±0.019 

-0. 10 

±0.007 

2 

0 

-0.30 

±0.018 

-0.09 

±0.007 

2 

25.3 

-0.22 

±0.018 

-0.11 

±0.007 

Roll-Damping  Uncertainty 


Config. 

1 


2 


i x 10-6 

. .**  C,  + Ci  a sin  a 

deg  xp  -*0 

A<Cfp  + C 

1.18 

0 

-0.11 

±0.027 

1.  18 

24 

-0.21 

±0. 028 

2.35 

0 

-0.  11 

±0.014 

2.35 

24 

-0.27 

±0.016 

3.52 

0 

-0.12 

±0.010 

3.52 

26 

-0.24 

±0.011 

4.82 

0 

-0. 12 

±0.008 

4.82 

26 

-0. 24 

±0. 009 

2.35 

0 

-0.09 

±0.013 

2.35 

26 

-0.28 

±0.015 

4.82 

0 

-0.  10 

±0.007 

4.82 

26 

-0.22 

±0. 006 

Static  Data  Uncertainty 


Config. 
1 and  2 


Re  i x 10"6 

4CNj> 

A(Cn2) 

4(Cjhj) 

A(C  ra2 

1. 18 

±0.019 

±0.022 

±0.010 

±0.010 

2.35 

±0.010 

±0.014 

±0.005 

±0.005 

3.  52 

±0,006 

±0,012 

±0.004 

±0.004 

4.82 

±0. 005 

±0.011 

±0.002 

±0.003 

1Near  minimum  values. 
^Near  maximum  values. 
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Uncertainties  for  Cn^  + Cn£  sin  a were  not  quoted  since  the  accu- 
racy of  these  measurements  in  the  wind  tunnel  (where  tunnel  facility 
vibrations  and  unsteady  flow  fluctuations  are  a problem)  are  unknown. 
However,  in  the  ideal  laboratory  environment,  it  has  been  shown  in 
Ref.  4 that  this  parameter  can  be  measured  accurately.  Before  the 
confidence  level  of  the  wind  tunnel  measurement  of  Cn  + CnA  sin  a 

p p 

can  be  determined,  a simple  aerodynamic  shape  designed  to  certain 
specifications  (zero  products  of  inertia)  especially  for  these  type  tests 
will  have  to  be  tested.  The  orbiter  model  was  not  designed  to  obtain 
the  Cn  + sin  a data  which  was  a secondary  measurement. 


Measurements  of  the  model  pitch  are  precise  within  ±0.05  deg, 
based  on  repeat  calibrations.  Model  attitude  corrections  were  made 
for  model-balance  deflections  under  air  load,  and  the  precision  of  the 
calculated  model  angle  is  estimated  to  be  ±0.  1 deg. 


4.0  RESULTS  AND  DISCUSSION 


Figure  6 shows  the  normal-force  and  pitching -moment  coefficients 
as  a function  of  angle  of  attack  for  configuration  1 (orbiter)  and  config- 
uration 2 (without  vertical  tail)  at  several  Reynolds  numbers.  The  nor- 
mal-force coefficient  showed  no  measurable  effect  of  Reynolds  number. 
The  pitching -moment  coefficients  did  show  some  measurable  effect  of 
Reynolds  number  at  a > 8 deg.  The  static  data  also  showed  that  neither 
configuration  trimmed  at  the  angles  of  attack  tested  for  the  reference 
center  of  gravity  of  this  particular  configuration. 

The  pitch- stability  derivatives  as  a function  of  angle  of  attack  for 
configuration  1 sire  shown  in  Fig.  7 at  Reynolds  numbers,  based  on 
model  length,  of  1. 18  x 10®,  2.35  x 106,  and  4.  81  x 106.  The  orbiter 
was  dynamically  stable  in  pitch,  and  the  damping  derivatives  generally 
increased  with  angle  of  attack.  For  Re,g  = 2.  35  x 106  and  4.  81  x 10® 
the  slope  of  the  pitching-moment  curve  showed  variation  with  angle  of 
attack  and  changed  from  a positive  to  negative  slope  in  the  12-  to  18- 
deg  angle -of -attack  range.  The  significant  Reynolds  number  effect 
occured  in  the  -2  to  2 deg  angle -of -attack  range  where  the  pitch  damp- 
ing decreased  with  increasing  Reynolds  number.  The  slope  of  the 
pitching-moment  curve  generally  became  more  stabilizing  with  in- 
creasing Reynolds  number. 
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Figure  8 shows  the  yaw -stability  derivatives  as  a function  of  angle 
of  attack  for  configurations  1 and  2 at  Re^  =2.34  x 10®.  Both  configu- 
rations were  dynamically  stable  and  the  damping  derivatives  were  gen- 
erally invariant  for  angles  of  attack  above  5 deg.  An  increase  in  model 
damping  occurred  at  the  lower  angles  of  attack,  particularly  for  the  or- 
biter  configuration.  The  yawing-moment  coefficient  due  to  sideslip 
angle  (Cn~  cos  a)  shows  both  configurations  to  be  statically  unstable 
in  yaw  for  the  moment  reference  of  this  particular  configuration.  In- 
creasing angle  of  attack  increased  the  static  instability  of  the  orbiter 
and  didn't  affect  the  instability  of  the  orbiter  without  the  vertical  tail 
(configuration  2).  Removal  of  the  vertical  tail  decreased  model  damp- 
ing at  the  lower  angles  of  attack  -3  < a < 3 deg  as  expected  and  didn't 
produce  any  large  effects  for  angles  of  attack  greater  than  3 deg.  For 
angles  of  attack  up  to  20  deg,  the  static  instability  increased  with  the 
removal  of  the  vertical  tail. 


The  roll-damping  derivatives  are  presented  in  Fig.  9 for  configu- 
rations 1 and  2 at  several  Reynolds  numbers.  The  derivatives  gener- 
rally  increased  with  angle  of  attack.  Varying  Reynolds  number  didn't 
produce  any  large  effects  on  the  roll-damping  derivatives.  The  roll- 
damping increment  due  to  vertical  tail  is  shown  in  Fig.  10  for  Reynolds 
numbers  2.  3 x 106  and  4.  7 x 10®.  As  expected,  removing  the  vertical 
tail  generally  decreased  model  damping  slightly, 

The  pitch-,  yaw-,  and  roll- damping  derivatives  for  configurations 
1 and  2 are  presented  as  a function  of  Mach  number  for  a - 0 in  Fig. 

11.  The  supersonic  data  (Ref.  2)  were  obtained  by  NASA-Langley  in  the 
Langley  Unitary  Plan  Wind  Tunnel  on  a 0.  0165- scale  model.  The  damp- 
ing derivatives  decreased  with  increasing  Mach  number  with  the  excep- 
tion of  the  yaw  derivatives  for  configuration  1.  The  data  indicate  a sig- 
nificant increase  in  the  yaw  damping  from  the  Langley  data  at  M0*5  to 
the  AEDC  data  at  M„  = 8 for  configuration  1;  however,  the  tail-off 
data  (configuration  2}  does  not  indicate  any  substantial  difference. 

Thus,  the  main  difference  is  that  the  AEDC  data  show  that  the  verti- 
cal tail  adds  to  the  yaw  damping  at  a = 0 where  the  tail  is  not  blocked 
out  by  the  body  wake,  while  the  NASA  data  show  essentially  no  effect 
of  vertical  tail  on  yaw  damping.  There  is  a Re_g  difference  between 
the  two  sets  of  data  which  may  be  a contributing  factor  as  was  seen  in 
the  pitch  data  (see  Fig.  7).  Otherwise,  no  reason  for  this  difference 
is  known. 

Figure  12  presents  the  yawing-moment  derivatives  due  to  roll  rate 
as  a function  of  angle  of  attack  for  both  configurations  at  several 
Reynolds  numbers.  The  derivatives  varied  considerably  with  angle  of 
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attack.  Additional  discussion  isn't  warranted  since  the  validity  of  this 
technique  has  not  been  fully  verified  (see  Section  3.3). 


5.0  CONCLUSIONS 


Wind  tunnel  tests  were  conducted  to  determine  the  pitch-,  yaw-, 
and  roll-damping  characteristics  of  the  modified  089B  shuttle  orbiter 
configuration.  Also,  the  effect  of  the  vertical  tail  on  the  yaw  and  roll 
derivatives  was  investigated.  Data  were  obtained  at  Mach  number  8 
at  free-stream  Reynolds  numbers,  based  on  model  length,  of  1. 18  x 
10®  to  4.  82  x 10®.  Conclusions  based  on  the  results  presented  in  this 
report  are  given  below. 

1.  The  orbiter  is  dynamically  stable  in  pitch,  yaw,  and  roll, 
and  statically  unstable  in  yaw. 

2.  In  general,  the  pitch-  and  roll-damping  derivatives  in- 
crease with  angle  of  attack  while  the  yaw-damping  de- 
rivatives are  essentially  invariant  with  angle  of  attack 
for  a > 5 deg. 

3.  The  pitch  derivatives  of  the  orbiter  are  strongly  dependent 
on  Reynolds  number  at  the  lower  angles  of  attack  (-3  < 

a < 3 deg)  while  variation  of  Reynolds  number  produces 
no  large  effects  on  the  roll-damping  derivatives,  normal- 
force  coefficients,  or  pitching -moment  coefficients. 

4.  Removing  the  vertical  tail:  (1)  decreases  the  yaw-damping 
derivatives  at  the  lower  angles  of  attack  (-3  < a < 3 deg),  (2) 
decreases  slightly  the  roll-damping  derivatives  at  the  major- 
ity of  the  angles  of  attack  tested,  and  (3)  increases  the  static 
instability  in  yaw. 
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Modified  089B  Orbiter 


Figure  2.  Model  details. 


AEDC-TR-74-129 


AEDC-TR-74  129 


Strain -Gaged 
Cross  Flexure 


h 5. 13 


1.6000 


.-Hinge  Flexure 
' -Yoke 


/Sting 

/ -Connecting  Rod 


1.75  Diam 


Connecting  Flexure 


Strain-  \ v Locking  Arm 
Gaged  Vpneumatic -Operated  Lock  Piston 
Moment  Beam 


-Typical  Model 


/ 


-Sting  Strain  Gages  to 
Measure  Sting  Deflections 


1 deg 


Electric  Shaker  Motor 


Tf  \ 

ill 

.n 

; 

— 4 u 

■ i n 1 1 1 1 1 1 1 

0 5 10 

Scale,  in. 


Water-Cooled  Sting 

All  Dimensions  in  Inches 


5809-7? 


Figure  3.  Pitch-/yaw-damping  test  mechanism  (VKF  1.B). 
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a.  Test  mechanism 

Figure  4.  Roll-damping  test  mechanism  (VKF  1.D). 
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b.  Photograph  of  the  flexures  and  water  jacket 
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b.  Tunnel  test  section 
Figure  5.  Tunnel  B details. 
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a,  deg 


b.  Configuration  2 (without  vertical  tail) 
Figure  6.  Concluded. 
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O 1 
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Tail) 
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« 0.0064 


sin  a C.  + C„  sin 


AEDC-TR-74-129 


Sym  Configuration  ±<b,  deg 

O 1 2 

□ 2 (without  Vertical  2 

Tail) 


a.  Reg  = 2.3  x 10® 


b.  Reg  = 4.7  x 10® 

Figure  10.  Effect  of  vertical  tail  on  the  roll-damping  derivatives,  M - 8. 
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a.  Configuration  1 

Figure  11.  Damping  derivatives  as  a function  of  Mach  number. 
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Sym  Test  Facility 
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b.  Configuration  2 (without  vertical  tail) 
Figure  11.  Concluded. 
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a,  deg 
a.  Configuration  1 

Figure  12.  Yawing-moment  derivatives  due  to  roll  rate  as  a function  of 
angle  of  attack,  Mm  - 8. 
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b.  Configuration  2 (without  vertical  tail) 
Figure  12.  Concluded. 
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Table  1.  Tunnel  Conditions  for  Pitch-,  Yaw-,  and  Roll-Damping  Tests 


Test 

Condition 

Mm 

Re_£  x 10"® 

Po» 

£Sia 

T 

Jo* 

°R 

00* 

psia 

ft/ sec 

A 

7.95 

1.  18 

200 

1310 

0.  945 

3819 

B 

7.98 

2.35 

401 

1314 

1.862 

3826 

C 

7.99 

3.52 

600 

1308 

2.  767 

3818 

D 

8.00 

4.73 

851 

1358 

3.906 

3890 

E 

8.00 

4.82 

849 

1335 

3.894 

3857 

J 


Configuration 

Table  2.  Jest  Summaries 

Pitch-Damping  Tests 

Test 

Condition*  uc/2Vro  x 103 

a range, 
deg 

1 

D 

3.40 

24 

1 

A 

3.34 

-3.  7 to  7.4 

1 

B 

3.34 

-4. 1 to  25.9 

1 

E 

3.32 

-4.9  to  23.9 

Yaw-Damping  Tests 

Test 

a range. 

Configuration 

Condition* 

ub/2Vm  x 103 

deg 

1 

B 

6.27 

-3.3  to  25.3 

2 

B 

6.  60 

-3.4  to  25.3 

Roll -Damping  Tests 

Test 

9 

a range. 

Configuration 

Condition* 

U)b/2V„  x 10* 

deg 

1 

D 

10.2 

-3. 1 to  26.5 

1 

C 

10.4 

-2.9  to  26. 1 

1 

B 

10.4 

-2.  5 to  26. 0 

1 

A 

10.4 

-2.  5 to  25.  8 

2 

B 

11.0 

-2.6  to  26.0 

2 

D 

10.  8 

-2.  6 to  26.2 

*As  defined  in  Table  1. 
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A 

b 

Ci 

P 

C</§ 

Cm 

S 

cmtr 


Cm* 


Cn 

Cn 


CY 

CYP 


NOMENCLATURE 


Reference  area,  model  wing  area,  0.38736  ft^ 

Reference  length  for  lateral  coefficients,  wing  span, 
0.  93668  ft 


Rolling -moment  coefficient,  rolling  moment/ q^b 

Rolling -moment  coefficient  due  to  roll  velocity  3 (Cjg)/  3 (pb/- 
radian"1 


Rolling-moment  .coefficient  due  to  rate  of  change  of  sideslip 
angle,  3 (0^/3 (j8b/2V<D),  radian-1 

Pitching-moment  coefficient,  pitching  moment /q^Ac 


Pitching-moment  coefficient  due  to  pitch  velocity, 
3(qc/2Vas),  radian  1 


a <cm)/ 


Pitching -moment  coefficient  due  to  angle  of  attack,  3 (Cm)/3o, 
radian- 1 

Pitching-moment  coefficient  due  to  rate  of  change  of  angle  of  - 
attack,  3(Cm)/3  (q’c/2V<0),  radian-1 

Normal -force  coefficient,  normal  force/q^A 

Yawing-moment  coefficient,  yawing  moment /q^Ab 

Yawing-moment  coefficient  due  to  roll  rate,  3 (Cn)/ 9(pb/2Vai), 
radian- 1 


Yawing-moment  coefficient  due  to  yaw  velocity,  3(Cn)/3(rb/- 
2VJ,  radian" 


Yawing-moment  coefficient  due  to  sideslip  angle,  3(Cn)/3/3, 
radian" 1 


Yawing-moment,  coefficient  due  to  rate  of  change  of  sideslip 
angle,  9(Cn)/3(^b/2V<n),  radian 

Side-force  coefficient,  side  force/q^A 


Side-force  coefficient  due  to  roll  velocity,  3 (Cy)/9 (pb/SV,^), 
radian- 1 

i 

Side-force  coefficient  due  to  rate  of  change  of  sideslip  angle, 
9 (Cy)/3  (0b/2Voo),  radian  * 
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Reference  length  for  longitudinal  coefficients,  wing  mean 
aerodynamic  chord,  0.4748  ft 

SL  Model  length  (reference  length  for  Reynolds  number),  1.2903 

ft 

M0  Free -stream  Mach  number 

p Rolling  velocity,  radians/sec 

p0  Tunnel  stilling  chamber  pressure,  psia 

q Pitching  velocity,  radians/ sec 

q,,,  Tunnel  free-stream  dynamic  pressure,  psfa  or  psia 

Re^  Tunnel  free-stream  Reynolds  number  based  on  model  length 

U) 

r Yawing  velocity,  radians /sec 

T0  Tunnel  stilling  chamber  temperature,  PR 

Va,  Tunnel  free-stream  velocity,  ft /sec 

' a Angle  of  attack,  deg  or  radian 

J3  Sideslip  angle,  radian 

A()  Uncertainty  band  (95-percent  confidence  limit) 

6 Angular  displacement  in  pitch,  deg 

(j>  Angular  displacement  in  roll,  deg 

ip  Angular  displacement  in  yaw,  deg 

to  Model  angular  oscillation  frequency,  radians /sec 

ub  Reduced  frequency  parameter  for  the  yaw-and  roll-damping 

2V,,  tests,  radian 

toe  Reduced  frequency  parameter  for  the  pitch-damping  tests, 

2Vm  radian 

(' ) First  derivative  with  respect  to  time 
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